ABSTRACT the effects of chronic morphine administration on the rat cerebellum and silver stained nucleolus organizer regions in Purkinje cells were investigated by means of histological, histochemical and histometrical techniques. thirty-two young (30-32 days of age) Wistar rats (equal numbers of both genders) were randomly divided into 2 groups, as control and morphine-treated, each having equal numbers of both genders, a total of 16 animals. the control animals were injected subcutaneously with 1mL/kg physiological saline, and the morphine-treated rats received 5 mg/kg morphine hydrochloride subcutaneously at daily intervals for 30 days. the thickness of the molecular and granular layers of the cerebellum, the diameters of the nuclei and nucleoli of cerebellar Purkinje neurones, and the number and size of the silver staining nucleolus organizer regions of the Purkinje cell nuclei were determined histomorphometrically. the morphine administration caused slight histological changes in the cerebellum. The molecular layer thickness of the cerebellum was significantly (P<0.05) reduced, and the decrease was mainly in the male animals. In contrast, the layer thickened insignificantly in the morphinetreated females. The granular layer thickened slightly but insignificantly in both genders of the morphinetreated group. The Purkinje cell count significantly decreased with morphine treatment. Nucleus size did not change with morphine treatment. however, morphine-treated animals had smaller nucleoli. It was concluded that morphine treatment caused significant histomorphological changes in the cerebellar cortex in a sexually dimorphic manner.
Introduction
Morphine has widely been used in the control of pain. It is also one of the opiates which have been a matter of serious concern in drug abuse. Little is known about the detrimental effects of morphine exposure on the cerebellar functions and histology. The results of SHAILENDRA and BHARGAVA (1997) showed that administration of morphine caused an initial decrease in nitric oxide synthase (NOS) activity in the cerebellum, midbrain, cortex and the remainder of the brain, as well as the spinal cord of rats. Nitric oxide (NO) is known as an important neuronal messenger. HAUSER (1992) found a significant reduction in DNA synthesis by external granular layer (eGL) neuroblasts in a 10-day-old rat cerebellum in the presence of 1 µM morphine, and concluded that morphine could directly regulate the growth of the developing cerebellum by inhibiting neuroblast proliferation within the eGL. In a later study, HAUSER et al. (1994) showed that morphine significantly decreased Purkinje cell survival at higher concentrations, by decreasing the cells' survival. the researchers concluded that morphine can affect Purkinje cell differentiation and survival, and there is a critical period during development when Purkinje cells are especially vulnerable to the effects of morphine. NAPPER and WEST (1995) reported that the cell loss was permanent.
rIMaNÓZCY et al. (2001) have suggested that male rats are less sensitive to prenatal morphine exposure. Their findings also showed that prenatal morphine exposure has no effects on the binding characteristics of mu-opioid receptors (MOrs) in adult male rats. VATHY et al. (1995) also showed that development of both norepinephrine and dopamine neurotransmitter systems in the hypothalamus, preoptic area, striatum, and cerebellum was diminished in rats descending from parents treated with 10mg/kg morphine twice a day during gestation, in a sexually dimorphic manner.
the nucleolus organizer regions (NOrs) are the loops of DNa containing ribosomal rNa genes, and these genes are transcribed by rNa polymerase-I and ultimately direct ribosome formation and protein synthesis (SCHEDLE et al., 1992) . The NORs are visualized as black dots by the silver colloid technique, and are also known as silver staining nucleolus organizer regions (AgNORs) (LEONG and GILHAM, 1989) . WACHTLER et al. (1986) showed that phytohemagglutinin (PHA) stimulation of T lymphocytes resulted in higher nucleolar activity. This result reflects the active RNA synthesis occurring in the stimulated cell. MIRRE and KNIBIEHLER (1982) also claimed that multiplication of fibrillar centres (FCs) in the cell nucleoli, and also the increase in their volume in relation to the enlargement of the reticulated nucleoli of testicular Sertoli cells, could be a result of the synthetic activity of the cell.
In this study, the effects were investigated of chronic morphine administration on the histology of rat cerebellum and agNOr activity in Purkinje cells by means of histological, histomorphometric and histochemical techniques. 
Materials and methods
Thirty-two young (30-32 days of age) Wistar rats (equal numbers of both sexes) were randomly divided into 2 groups, as control and morphine-treated, each having 16 animals. the animals were housed individually in cages located in a pathogen free, temperature-and humidity-controlled colony room, maintained under a 12-hour daynight illuminating cycle, with free access to food and water. Prior to the experiment, the animals were prepared for manipulation during a 1-week habituation period in the Experimental Medicine Research and Application Centre of the Medical Faculty, N. E. Konya University. This experimental project was approved by the Animal Use Committee of the N. e. konya University and all the animals were treated in accordance with national and local animal welfare legislation, which is based on european Council Directive.
The first group of animals served as controls and were injected subcutaneously with 1 mL/kg physiological saline (0.9% NaCl). Morphine hydrochloride, at a dose of 5 mg/kg in 1 mL/kg volume of physiological saline, administrated to the animals in the morphinetreated group, at daily intervals for 30 days. at the end of the administration, the animals were euthanized by an overdose (100 mg/kg) of sodium pentobarbital. the cerebellum of each animal was totally removed and fixed in phosphate buffered (0.1 M, pH 7.4) formalsaline, dehydrated in a graded series of ethyl alcohol, and embedded in paraffin for sectioning. From each tissue block, 30 coronal sections were taken by discarding every other section, and 10 of the sections were stained with either three chrome or Luxol fast blue-cresyl violet stains (CULLING et al., 1992) . AgNORs in the Purkinje neurone nuclei were demonstrated on the remaining 10 sections of each block (LeONG and GILhaM, 1989) . Light microscopic specimens were examined under a Nikon Eclipse E-400 light microscope (Nikon Corporation, Japan) equipped with a digital imaging system and image analysis software (BS200 PrO, BaB Soft, turkey).
The thicknesses of the molecular and granular layers of the cerebellar cortex of the cerebellar folia I-X were determined on digital images of 3 regions of each folium: the surface, lateral continuation of the layer facing the fissures and sulci, and the base of each fissure (Fig. 1) . Mean values were calculated from the data. The number of Purkinje cells in a unit length (486 µm) of the ganglionic layer was counted in the digital images. the mean nucleus and nucleolus diameters of the Purkinje neurones were determined by duplicate diagonal measurements on 100 Purkinje cell nuclei with definite nucleoli, on the digital images. the number and size of agNOrs were determined in a similar manner.
The results were expressed as mean values. The data for the cerebellar layer thickness, nucleus and nucleolus diameters, and the size of the silver staining nucleolus organizer regions (agNOrs) were statistically analysed with one-way aNOVa, whereas the agNOr count data was analysed with the Mann-Whitney test, using a standard computer The cerebellar cortex of the control males was thicker than that of the females. Morphine treatment decreased the overall thickness of the cerebellar cortex. Morphine I. Celik et al.: Studies on the cerebellar cortex and silver stained nucleolus organizer regions of Purkinje neurons treatment resulted in a significant (P<0.05) reduction of molecular layer thickness in the males, but a slight but insignificant (P>0.05) thickening in the females. The mean molecular layer of the morphine-treated group was significantly (P<0.05) thinner than that of the control group. The granular layers of the groups had quite similar (P>0.05) thickness, and morphine administration did not cause any change in the granular layer thickness (Fig. 3) . the control males had a larger Purkinje cell nucleus than the control females. Morphine treatment significantly (P<0.05) increased the Purkinje cell nucleus size in the males, whereas it was significantly (P<0.05) reduced in the morphine-treated females. In term of the mean values of both genders, morphine treatment did not cause any change in the nucleus size. In the control group, the females had larger nucleolus than the males. Morphine-treated animals had smaller nucleoli (Fig. 6 ). the control males had more agNOrs per nucleus than the control females. the agNOr count of the group given morphine significantly (P<0.05) increased. Both females and males reacted to the morphine treatment in a similar manner, by increasing the number of agNOr. the control females had larger agNOrs than the males. the size of agNOr in the males did not change Morphine treatment did not significantly change the mean AgNOR size in the males. Nevertheless, the females responded with a significant (P<0.05) reduction in agNOr size to morphine treatment. the mean agNOr size of the morphinetreated group was significantly (P<0.05) reduced (Figs. 7 and 8A-B) . Discussion the cerebellum is referred to as the "little brain" or as a "neuronal machine" and it coordinates many functions of the brain, mainly motor behaviour, eye movement, conditioning, respiration, and cognition (SaaB and WILLIS, 2003) . the cerebellum also mediates detection of sensory discrepancy and plays a crucial role in nociception. Following peripheral nociceptive stimulation, cerebellar activity increases in humans. the anterior part of the cerebellum is a target in rats for the effect of morphine on nociception of the organ (DEY and RAY, 1982) . The Purkinje cells of the organ encode nociceptive information that is subsequently decoded by the deep cerebellar nuclei, the brain stem, and the spinal cord or the brain. The cells are also the final decoders of information in essential clues for cerebellar physiology. ZAGON and McLAUGHLIN (1986) investigated the role of endogenous opioid systems in rat cerebellar development by utilising naltrexone, a potent opioid antagonist. They reported that 50 mg/kg naltrexone had a stimulatory action on cerebellar development, whereas 1 mg/kg naltrexone had an inhibitory influence in 21 day-old rats. The characteristics of the 50 mg/kg naltrexone group included increases in cerebellar dimensions and neuronal cell count. the content, size and structural changes were consistent with acceleration in growth and differentiation.
the morphometric results of this study indicated that morphine treatment caused striking changes in the thickness of different regions of the cerebellar cortex in a sexually dimorphic manner. the overall thickness of the molecular layer in the males decreased significantly with morphine treatment, whereas it increased slightly but insignificantly in the females. The overall thickness of the molecular layer was significantly reduced with morphine treatment, regarding both genders. In contrast, the thickness of the granular I. Celik et al.: Studies on the cerebellar cortex and silver stained nucleolus organizer regions of Purkinje neurons layer increased slightly in the morphine treated group. the results of the present study might show that chronic morphine exposure causes morphometrical changes in different regions of the cerebellar cortex in a sexually dimorphic manner. Moreover, males were more sensitive to the destructive effects of morphine. haUSer et al. (2000) reported that morphine could block the proliferation of neuroblasts in a molecular layer by preventing DNA synthesis. LORBER et al. (1990) showed that acute opioid exposure blocks the proliferation, differentiation, and survival of neuroblasts and astroglia of the cerebellum. Reduction of the Purkinje cell count in chronic morphine users has been reported (OEHMICHEN et al., 1996) . Morphine treatment significantly reduced the thickness of the Purkinje cell layer, and the reduction might reflect decreased Purkinje cell size (GOLALIPOUR and GHAFARI, 2012) . Moreover, morphine has been reported to reduce Purkinje cell proliferation and differentiation, and to increase the Purkinje cell death in the cerebellum, as did heroin (THOMAS et al., 1998) . Neurone death might be triggered by the N-methyl-D-aspartate receptor-caspase pathway (MAO et al., 2002) , damage of the mitochondria (Van TONDER, 2007) or a decrease in calbindin protein, a neuroprotective agent (KIM et al., 2008) . GOLALIPOUR and GHAFARI (2012) studied the toxic effects of morphine sulfate in the adult cerebral cortex and one-day neonatal cerebellum. Administration of morphine sulfate before and during pregnancy, and during lactation caused Purkinje cell loss, and reduced cell size in 18-and 32-day-old infant mice. The toxic effects of morphine continued on the Purkinje cells of the cerebellum even after the lactation period. Morphine sulfate administration can also cause neurotoxic effects on the cerebellar and cerebral cortex by reducing both cortical thickness and the number of neurons in the developing fetal central nervous system (SADRAIE et al., 2008) , also significantly reducing the Purkinje cell count (BEKHEET et al., 2010) . Purkinje cells in morphine treated animals might be lost by apoptosis and/or necrosis (HAUSER et al., 1994) . The morphometric results of the present study showed that morphine-treatment significantly decreased the Purkinje cell count in a unit length of the ganglionic layer in both genders in a similar manner. haUSer (1992) found that DNA synthesis in neuroblasts is significantly depressed in the presence of 1 µM morphine, and it could directly regulate the growth of the developing cerebellum by inhibiting neuroblast proliferation within the external granular layer. In a later study, HAUSER et al. (1994) reported that morphine caused significant detrimental effects on Purkinje cell development in vitro. The researchers (HAUSER et al., 1994) determined that morphine decreased Purkinje cell count at high concentrations (eC 50 = 3.6×10
-5 M), in organotypic cultures of the mouse cerebellum, by decreasing the cells' survival.
the results of ShaILeNDra and BharGaVa (1997) showed that morphine administration caused an initial decrease in nitric oxide synthase (NOS) activity in the cerebellum, midbrain, cortex and the remainder of the brain, as well as the spinal cord I. Celik et al.: Studies on the cerebellar cortex and silver stained nucleolus organizer regions of Purkinje neurons of rats. Nitric oxide (NO) is known as an important neuronal messenger. It is also wellknown that NO redox species induce cell death in various cells. Purkinje cell losses from the cerebella of morphine treated animals might have arisen from the toxic effects of NO redox species. Because activation of NO increased the production of cGMP, BHARGAVA and CAO (1997) suggested that NOS inhibitors affect the development of tolerance to morphine and morphine-opioid receptor agonists. additionally, ShaILeNDra and BHARGAWA (1997) assumed that the changes in central NOS activity under morphine treatment appear to be mediated by opioid receptors. the morphometrical results of this study showed that morphine treatment affected the nucleus size of Purkinje cells in a dimorphic manner. The morphine treatment significantly increased the nucleus size in the males, whereas it decreased in the females. Nevertheless, the mean nucleus size of both genders was significantly reduced in the morphine-treated group. The nucleolus size was also reduced significantly in the morphine-treated group. Fibrillar centres (FCs), dense fibrillar components (DFCs) and granular components (GCs) are recognised in the cell nucleoli on electron microscopy (GOeSSeNS and LE POINT, 1979) . Although the number of FCs does not indicate the exact numbers of nucleolus organizer regions (NOrs), silver staining NOrs (agNOrs) visualised on light microscopy are assumed to be the FCs of the cell nucleolus seen on the electron microscopic level (MIRRE and KNIBIEHLER, 1982) . The size of the silver deposit on the NOr is thought to be positively correlated to the protein synthesis activity of the cell (WACHTLER et al., 1986) . Thus, the size and number of AgNORs in a given cell are thought to be positively correlated with the degree of transcriptional activity (ZATSEPINA et al., 1988) , believed to reflect nucleolar activity, and also to be related to cellular proliferation (CABRINI et al., 1992; MAO et al., 2002) .
In this study, the agNOrs of the control females were larger than those of the control males. the lowest agNOr counts were seen in the females in both the control and morphine-treated groups. The number of AgNORs significantly increased, but conversely their size decreased in the morphine-treated group. Because the argyrophil proteins in the NOrs play important roles in rrNa transcription and ribosomal biogenesis, their number may well indicate the state of activity of a cell with respect to its ribosome synthesis. WACHTLER et al. (1986) showed that phytohemaglutinin (PHA) stimulation of T lymphocytes resulted in higher nucleolar activity. This result reflects the active RNA synthesis occurring in the cell. MIRRE and KNIBIEHLER (1982) also claimed that multiplication of fibrillar centres (FCs) in the cell nucleoli, and also an increase in their volume in relation to the enlargement of the reticulated nucleoli of the Sertoli cells, could be a result of the activation of more rRNA cistrons. The observation of a significant increase in AgNOR activity might possibly relate to stimulation of Purkinje cells. Sexual dimorphism was reported in rats exposed in utero to morphine (VATHY et al., 1995 the results of this study revealed that subcutaneous morphine administration at a dose of 5 mg/kg for 30 days caused significant changes to the thickness of the cerebellar cortex and Purkinje cells. Based on the results, it was concluded that morphine treatment causes significant histomorphometrical changes to the cerebellar cortex and cellular changes in Purkinje cells, in a sexually dimorphic manner.
I. Celik et al.: Studies on the cerebellar cortex and silver stained nucleolus organizer regions of Purkinje neurons potkožno, svaki dan tijekom 30 dana. Za određivanje zadebljanja molekularnih i granulacijskih slojeva maloga mozga, promjera jezgre i nukleolusa Purkinjeovih neurona u malom mozgu te broja i veličine srebrom obojenih regija nukleolusne organizacije Purkinjeovih neurona primijenjena je histomorfometrijska metoda. Davanje morfina izazvalo je blage histološke promjene u malom mozgu. Debljina molekularnog sloja maloga mozga značajno je smanjena (P<0,05). To je ponajprije bilo izraženo kod životinja muškoga spola, dok je molekularni sloj kod ženki tretiranih morfinom bio tek neznatno zadebljan. Granulirani sloj bio je blago i nesignifikantno zadebljan u oba spola unutar skupine tretirane morfinom. Broj Purkinjeovih stanica značajno je smanjen nakon primjene morfina, dok to nije bio slučaj s veličinom jezgre koja se nije mijenjala. No, životinje koje su dobivale morfin imale su manje nukleole. Zaključeno je da liječenje morfinom uzrokuje značajne histomorfološke promjene u kori maloga mozga, pri čemu važnu ulogu ima spol jedinke. Ključne riječi: morfin; mali mozak; Purkinjeovi neuroni ________________________________________________________________________________________
